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® A method of polishing semiconductor wafers and 
apparatus therefor, wherein a semiconductor wafer 
(W) mounted on the lower side of a wafer mounting 
plate (19) may be polished on a polishing pad (32) 
by the front referenced polishing technique due to a 
flexibility of the wafer mounting plate to make the 
same conform in detail with the backside contour of 
the wafer under polishing pressure and a selected 
flexibility differential between a wafer holding region 
(20) and an outer moving region (21) of the wafer 
mounting plate (19). An apparatus according to an 
aspect of the present invention is structured in such 
a manner that the wafer mounting plate (19) also 
functions as a vacuum chuck plate constructed of a 
flexible thin disc of hard plastics, a central round 
region is used for a wafer holding region (20) facing 
the backside of the wafer and an outside annular 
region is more flexible to function as a moving 
region (21). 
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The present invention relates to a method of 
polishing semiconductor wafers and apparatus 
therefor and. more particularly, a method of polish- 
ing semiconductor wafers and apparatus therefor 
suitable for a so-called planarlzation process to 
improve global surface flatness of a semiconductor 
wafer in the making In VLSI process. 

Interconnections between components on top 
of a chip is increasingly demanding a larger space 
to occupy thereon, as the semiconductor Industry 
further implements submicron technology. There- 
fore, miniaturization of patterns and usage of multi- 
leveled Interconnections will take a more and more 
important role in VLSI technology. Along this trend 
in VLSI technology, a semiconductor wafer Is re- 
quired flat to close tolerances across one face 
thereof, where other materials are applied to form 
desired circuitry, that is, an interlevel dielectric film 
is deposited on the semiconductor wafer in prep- 
aration for next optical lithography to print miniatur- 
ed patterns for Interconnections on the surface 

In the direction of the miniaturization the inter- 
connections have a trend where the width of each 
interconnection will become narrower while the 
thickness Is kept on as it has been. Along this line 
of development in technolgy, insulator coverage on 
and around a wiring on a substrate grows poorer 
and poorer due to the structural sharpness of the 
recent wiring, which means a right angle to the 
base dielectric film or overhanging of the sides of 
the wiring on the substrate. 

Progress in VLSI technology develops more 
and more stringent requirements on planarization 
processes. This trend accelerates application of the 
chemical mechanical polishing of silicon dioxide 
used as an interlevel dielectric film for the manu- 
facture of VLSI chips. 

Techniques presently used Include glass re- 
flow, bias sputter deposition, and a number of 
processes involving application of material in the 
liquid state by a spin process. None of these will 
planarize topography with a lateral dimension lager 
than 10 to 100 um. Phosphorous-doped silicon 
dioxide is frequently used In order to ensure uni- 
form coverage of the next conducting layer. Chemi- 
cal deposition methods are used to produce the 
silicon dioxide film across a substrate as an insula- 
tor between metal layers, for example. Interconnec- 
tions as . well as a final passivation over devices, 
and as a gettering source. 

Phosphorous-doped silicon oxides such as 
PSG and BPSG are applied on chips in the form of 
a film covering minute step structures on the sur- 
face, which is followed by heat treatment at a 
temperature In the range of 800 'C to 1100'C to 
get the doped silicon oxides flow as a viscous fluid 
for the purpose of smoothing the rough surface of 
chips in the making. 


The planarization process using the doped sili- 
con oxide film deposition can be thus accom- 
plished only by flowing such dielectric at high 
temperatures, so that when the highest allowable 

5 substrate temperature is less than the oxide flow 
temperature, for example, Al metallization was 
adopted on the surface of the substrate, said 
planarization process cannot to apply. Recently in- 
terest has focused on chemical mechanical polish- 

10 ing technique for planarizaion in VLSI technology 
. because this technique can flatten much wider sur- 
face features than those in the prior art. 

There are a number of issues that must be 
addressed in the conventional chemical mechanical 

75 polishing technique. According to the technique, 
the polishing pad is capable of conforming with the 
warp and bow of a semiconductor wafer and this 
nature of the pad allows to level device steps on a 
substrate, but in view of the severe requirement for 

20 flatness to close tolerances for use In VLSI technol- 
ogy, the conventional technique is still unsatisfac- 
tory, due to the very nature of the conventional 
technique, which has been developing only to im- 
prove the parallelism between the opposite faces of 

25 a semiconductor wafer and thereby to achieve a 
flatness of close tolerances on one of the opposite 
faces. 

The planarization process, which development 
is in need for VLSI technology, must serve to 
30 realize uniform stock removal of the surface region 
regardless local variations of the bulk thickness of 
a substrate (hereinafter referred to as a semicon- 
ductor wafer or simply a wafer, W) as shown in 
section in the making of a semiconductor device 
35 fabrication in Fig. 4. After the planarization process 
is applied, the wafer comes to have the surface 
topograph as shown in section in Fig. 6. In other 
words, in the new approach, the conventional 
chemical-mechanical polishing technique Is affectd 
40 by the change of the basic nature and starts the 
life afresh as a technique where the new chemical 
mechanical polishing technique should remove the 
surface region in reference thereto of a substrate, 
for example, a CyD deposited dielectric film and 
45 thereby eliminate minute step-like projections to- 
gether to finally achieve a planarlzed new surface 
for the next process, for example, metalization for 
interconnections. 

The thus modified chemical mechanical polish- 
so ing technique Is hereinafter referred to as front 
referenced polishing technique. 

In some proposals of the new approaches for 
the chemical mechanical polishing technique, 
which have been disclosed and claimed, for exam- 
55 pie, in Japanese first publication No. 5-69310 and 
others as shown in Fig. 18, step-like oxide projec- 
tions on the oxide film 63 deposited across a wafer 
6, as shown in Fig. 4 are tried to be eliminated 
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together with a part of the surface region. The 
reference numeral 62 appeared in Fig. 4 desig- 
nates interconnections directly applied on a wafer 
surface. 

The apparatus disclosed in the above men- 
tioned Japanese first application entitled "An ap- 
paratus for mirror-polishing wafers" uses a flexible 
elastic membrane 71, by which a wafer is carried 
on during polishing. The membrane 71 are tight- 
stretched at and along the full periphery with a 
uniform tension applied by securing the periphery 
to the lower round end of the wafer mounting head 
72. A fluid supply source 73 is arranged on the 
opposite side of the membrane 71 to the wafer W 
to feed a pressure adjusting fluid on the wafer W. 

The reference numerals 74. 75 and 76 are 
respectively a rotary shaft, a ring guide plate (or 
template) adhered to the lower surface of the elas- 
tic membrane, and a polishing turn table. 

According to the publication, the elastic mem- 
brane 71, which seals the wafer mounting head 72 
in the shape of a ring, should be good in flexibility, 
whereby a uniform distribution of polishing pres- 
sure is applied across a wafer W, so that sloping A 
along the wafer periphery is prevented to occur to 
the polished wafer. The sloping A is illustrated in 
Fig. 22(b) . A polished wafer without the sloping A 
is shown schematically in section in Fig. 21(b). 

The apparatus for polishing as shown in Fig. 20 
comprises a wafer mounting plate 81 made of a 
rigid material, a mounting pad 82 secured to and 
across the lower surface of the plate 81 , a template 
83 in the shape of a ring on the pad 82, a soft 
polishing pad 85 on the upper surface of a polish- 
ing turntable 84, and the polishing turntable 84. 

During the polishing, the stock removal rate of 
the surface region of a wafer W is strongly depend- 
ing on the polishing pressure applied. Accordingly, 
the front referenced polishing technique claims as 
indispensable conditions of application the uniform 
strength distribution of polishing pressure applied 
to the polished surface of a wafer as shown in Fig. 
21(a) (uniformly distributed pressure) and limitation 
of the pressure application within the back surface 
area (the surface opposite to the polishing surface) 
of the wafer W. where the reference numeral 91 in 
Fig. 21 (a) designates a wafer mounting plate and 
the reference numeral 92 indicates a polishing pad. 

According to the apparatus for polishing dis- 
closed in the above mentioned first publication, the 
elastic membrane 71 is made in uniform thickness 
and tight-stretched at and along the full periphery 
in uniform tension to the wafer mounting head 72. 
Therefore as indicated in Fig. 19, in case that the 
clearance H between the lower surface of the pe- 
riphery portion of the elastic membrane 71 and the 
upper surface of the polishing turntable 76 is nar- 
rower than a value, the pressure applied in the 


periphery portion of a wafer grows too big to be 
normally required as illustrated in Fig.22(a), where- 
by sloping A comes to be subject to occur along 
the wafer W periphery. On the other hand, as 

5 indicated in Fig.22(b), in case that the clearance H 
is wider than the value, the pressure acting along 
the wafer W periphery is by far smaller than that 
acting in the mid portion of a wafer, so that the 
periphery portion of the wafer is less polished than 

10 the other and subject to be left to be a raise or 
high spot B as indicated in Fig 23(b). The exact 
adjustment of the clearance H is rather difficult to 
execute in the current level of the art. 

In the apparatus for polishing as shown in Fig. 

75 20, mounting a wafer to the mounting head is 
simple to operate due to the structure of the wafer 
holder. However the surface contour of a polished 
wafer is adversely affected by local fluctuations of 
characteriatics of the mounting pad 82 (such as 

20 thicknesses , elasticities and degrees of degrada- 
tion in use) and uniform pressure distribution 
across a wafer is difficult to realize. Consequently 
the sloping A around the wafer periphery portion as 
shown in Fig. 22 (b) and the raise as shown in Fig. 

25 23(b) therearound are the problems to be solved 
for the apparatus. 

As described above, with the conventional ap- 
paratus for chemical mechanical polishing, there 
are left unsolved a problem of poverty in uniformity 

30 of polishing pressure distribution due to functional 
deficiency of the wafer mounting plate, though the 
apparatus had been devised with an intention to 
improve the polishing pressure distribution. A very 
long way still remains technologically to reach the 

35 surface flatness of close tolerances applicable to 
VLSI technology by means of the front referenced 
polishing technique since in addition to the above 
mentioned problem errors in machine assembly 
and poor dimensional accuracy of components are 

40 yet to be absorbed in order to apply a currently 
available level of the front referenced polishing 
technique to the purpose. 

In view of the above described problems in the 
prior art, the present invention was made. It is an 

45 object of the present invention is to provide a 
method and apparatus to effectively perform the 
front referenced polishing in which the polished 
wafer is free from the sloping or raise along the 
periphery due to poor wafer mounting. It is another 

50 object of the present invention to provide a method 
and apparatus to effectively perform the front re- 
ferenced polishing in which the surface flatness of 
the polished wafer is not degraded by inferior ma- 
chine accuracy by poor assembly, limited accuracy 

55 of dimensions in nriachining of the components, or 
thermal or mechanical deformation during operation 
of the apparatus. 
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In a method according to a first aspect of the 
present invention, a wafer is secured to a wafer 
mounting plate in contact with the backside of the 
wafer and a compressed fluid is supplied to on the 
side of the upperside of the plate so as to press 
the wafer toward a polishing turn table, where the 
Influence of the pressure of the compressed fluid is 
contained within a region of the upperside face of 
the plate just facing the backside of the wafer 
mounted. 

In other words, the influence of the pressure 
does not extend outside the region. The wafer 
mounting plate may be a thin flexible plate made of 
a rigid substance on which the wafer mounted, 
where the region of the flexible plate facing the 
wafer may be mated with the wafer in a almost 
perfect geometrical coincidence. 

In an apparatus according to the first aspect of 
the present invention, the region of the wafer 
mounting plate on which the wafer is mounted 
which have a flexibility due to the small thickness 
in spite of being made of a rigid substance is 
connected to a wafer mounting head along the full 
periphery of the region of the plate by way of a 
flexible ring member interposed therebetween and 
what's more the inner space of the wafer mounting 
head is communicated with a compressed fluid 
source. 

The outside region of the wafer mounting plate 
may be designed to be more flexible than the 
region facing a wafer mounted, and the outside 
periphery of the plate may be directly secured to 
the lower end of the head. 

The thickness across the plate may be 
changed in such a manner that it is thinner in the 
outside region than in the region facing the wafer 
mounted and thereby the flexibility is adjusted so 
as to be more flexible in the region facing a wafer 
mounted than In the outside region. 

The thickness is selected In view of a pressure 
applied in wafer polishing, the elasticity and like 
that. In general, with a rigid plastic thin plate used 
as a structural substance, the thickness is prefer- 
ably between 0.5 mm and 5,0 mm for the region 
facing a wafer mounted and between 0.3 mm and 
3.0 mm for the outside region. With a hard rubber 
thin plate used as a structural substance, the thick- 
ness is preferred to be between 1.0 mm and 8.0 
mm for the region facing a wafer mounted and 
between 0.5 mm and 4.0 mm for the outsider 
region. Furthermore, with a metallic thin plate as a 
structural substance, the thickness Is preferred to 
be between 0.1 mm and 1.0 mm for the region 
facing a wafer mounted and between 0.01 mm and 
0.05 mm for the outside region 

Instead of adjusting the thickness locally, with 
a uniform thickness across the entire plate, the 
outside region only have many through-holes scat- 


tered across the surface or instead as many reces- 
ses with a thin bottom. 

The region facing a wafer mounted may be 
arranged to have a plurality of vacuum chuck 

5 through-holes regularly positioned across the sur- 
face and those holes are hermetically sealed on 
the upperside with soft square rubber codes which 
have a long groove lengthwise in one of the four 
side faces, where the groove side is applied onto 

10 the upper side of the plate to be disposed to cover 
the vacuum chuck through-holes and thus a vacu- 
um source may be communicated with alt the 
vacuum chuck through-holes through a single con- 
necting hose, the lower end of which is hermeti- 

75 cally secured to a vacuum port of the plate, where 
the vacuum port is further communicated with all 
the through-holes by means of the square rubber 
codes as described above. The square rubber 
codes adhered on to the backside of the plate does 

20 not affect the total flexibility of the region. 

The Inner space of the wafer holder may be 
sealed by securing the full periphery of a flexible 
ring member constructed out of a soft rubber sheet 
to an inner portion of the head, the Inner periphery 

25 of which Is again adhered to the full periphery of 
the region of the wafer mounting plate. 

In stead of the square rubber codes, plastic 
sponge or aggregate of elastic fibres, that is, three- 
dimensionally open cellular structure is applied di- 

30 rectly to the perforated surface and further a rubber 
sheet is used to cover alt the plastic sponge or the 
aggregate of elastic fibres hermetically and still 
further the underside of the rubber sheet is con- 
nected pneumatically to a vacuum source at a 

35 vacuum port arranged thereon above the plate cen- 
tre portion. 

A soft rubber plate, a lower side of which a 
spiral groove is formed across, may be superim- 
posed on the wafer mounting plate so that the 
40 spiral groove is positioned to communicate with all 
the vacuum through-holes In full and further the 
spiral groove of the soft rubber plate Is hermetically 
connected to a vacuum source by way of a flexible 
hose. 

45 Thus far, the present Invention is always de- 
scribed with an emphasis on a method and appara- 
tus for polishing a wafer at a time, however, a 
plurality of the structures similar to the wafer 
mounting plate with a wafer mounted thereunder 

50 and the components acompanied may be con- 
tained In the same opening of a larger wafer 
mounting head. 

In the atx)ve mentioned method of and appara- 
tus for polishing wafers, a wafer is mounted on the 

55 lower side of the wafer mounting plate, a com- 
pressed fluid, for example, air is supplied to the 
space above the wafer from a compressed fluid 
source, and the wafer Is pushed onto a polishing 


4 


7 


EP 0 653 270 A1 


8 


turntable at a pressure by the displacement of the 
plate by increase in the pressure of the space, so 
that the wafer polishing is operated on In the usual 
manner of the prior art. 

The flexible ring member is expandable or 
shrinkable to follow the displacement of the plate 
according to the pressure of the fluid in the space. 

The plate Is constructed out of a thin plate of 
hard rubber and the like in the region facing a 
wafer mounted, so that the wafer is applied across 
the whole backside with uniform polishing pressure 
and that with application of the pressure strictly 
limited within the backside of the wafer as well as 
with flexible local deformation of the plate exactly 
following the surface contour of the backside of the 
wafer. However global deformation of the wafer, for 
example, bow Is straighten on a polishing pad 
under polishing pressure. 

Further according to the first aspect of the 
present invention, the Inner periphery of the flexible 
ring member Is secured to the periphery region of 
a wafer mounting plate facing a wafer mounted and 
the region facing the wafer is only applied with the 
pressure, so that the ring member works as a 
moving region together with the outside region and 
thereby errors in the machine assembly, poor di- 
mensional accuracy of the components, or the ther- 
mal or mechanical deformation built-up with time 
elapsed in operation, which otherwise unavoidably 
amount to values on the order of ums to tens of 
ums in an extreme case, is never inactive on the 
flatness even of close tolerances of the polished 
wafer surface required in VLSI technology. 

In an apparatus for polishing wafers according 
to a second aspect of the present invention, the 
apparatus in which a wafer mounting plate directly 
secures the backside of a wafer on the lower side 
and a compressed fluid is supplied on to the upper 
side and the wafer is polished in contact under 
pressure with a polishing pad, comprises a wafer 
mounting head with a cylindrical body open down- 
ward and an annular downward projection integral 
therewith on the ceiling, a wafer mounting plate 
concentrically secured on the lower end of a short 
hollow cylinder and arranged by a template for 
surrounding and receiving a wafer on and along the 
full periphery of the lower surface of the plate, a 
sealed space produced by hermetically connecting 
an expansion pipe both with the annualar down- 
ward projection and with the plate respectively, a 
highly flexible support for supporting the plate in 
place secured both on and along the inner periph- 
ery of the cylindrical body open downward and 
along the outer periphery of the short hollow cyl- 
inder, and a flexible hose hermetically connected 
both with a vacuum port in the center portion of the 
ceiling and a vacuum port in the center portion of 
the upperside of the plate. 


In the apparatus; the plate may be structured 
out of a rigid thin plate with a less flexibility than 
that of the flexible supporter surrounding the plate 
inside the cylindrical body of the head, where the 

5 flexible supporter serves the only one moving re- 
gion within the head. 

Further, the sealed space in the head is de- 
signed to be in the rough duplicates in shape and 
dimension of section tx)th on the side of the plate 

10 and on the side of the head. 

As for the rigid thin plate for making of the 
wafer plate mounting plate, for example, thin plates 
made of hard plastics, hard rubber, metal and so 
on may be listed. 

15 The hard plastics comprises such thermoset- 

ting resins as epoxy resin, phenol resin and such 
heat resistant hard resins as polyethylene tereph- 
talate, polybuthylene telephtalate, polyimide, poly- 
sulfone and so on and they may be reinforced by 

20 glass fibres, carbon fibers, woven or nonwoven 
stuff thereof or the like. 

As for the thickness of the plate made of the 
above substances, the hard plastics and hard rut>- 
ber, inculding the substances with reinforcement by 

25 the above mentioned fibres or the fabrics thereof, 
preferably have a thickness in the range of be- 
tween 0.1 mm and 1.0 mm so as to show their 
flexibility in the form of a plate. The thicknesses 
according to the second aspect of the present 

30 invention are in general thinner than those of the 
first aspect of the present invention due to the 
structural differences therebetween around the wa- 
fer mounting plate. 

In the case of metal, steel is preferably se- 

35 lected to use and stainless steel is especially pre- 
ferred. The thickness of the plate may be chosen 
in the range between 0.05 mm 0.2 mm to secure 
the flexibility in the form of a plate. 

In the apparatus according to the second as- 

40 pect of the present invention, the wafer carrier is 
suspended in the inner space of the wafer mount- 
ing head by the expansion pipe and the flexible 
supporter respectively secured to the different por- 
tions of the head, so that in a way similar to or 

45 more effective than the apparatus according to the 
first aspect of the present invention, errors is the 
machine assembly, poor dimensional accuracy of 
the components, or the thermal or mechanical de- 
formation accumulated in the structure with time 

50 past in operation, which unavoidably amounts to a 
level on the order of ums or tens of ums in the 
worst, do not any more affect the flatness of a 
polished wafer to close tolerances and what's more 
the wafer is pressed on in a stable and assured 

55 way onto the polishing pad during operation. 

The mounted wafer is directly held on the 
lower side of the flexible plate and the flexible plate 
is pressed from the upper side by the compressed 
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air. The bow of the wafer is thereby corrected and 
the plate itself is deformable following the local 
variation of the wafer thickness while still keeping 
the direct contactness all over the wafer back sur- 
face, so that the polishing surface of the wafer may 
be brought into a close contact as a whole with the 
polishing pad without any transmission of projec- 
tions or recesses on the back surface to the front 
surface. In other words, the plate is permitted to be 
geometrically adaptable even in a microscopic 
sense to the surface contour of the wafer backside 
due to the cushioning effect of resilience. 

The wafer carrier comprises the short hollow 
cylinder that is rigid which supports the periphery 
of the plate and the plate which consists of the 
region facing a wafer mounted and the periphery 
region more flexible than the former' and forming a 
moving region. Accordingly, the flexible supporter 
does not deform the central region since the de- 
formation resulted in the shape of the flexible sup- 
porter can not propagate across the moving region 
toward the center region of the plate, where the 
deformation of the flexible supporter is caused by 
the tensions generated within the supporter during 
the polishing. 

The vertical component of the tension of the 
flexible supporter and the self weigh of the short 
hollow cylinder, combined, are received by the 
template which is arranged beneath the plate pe- 
riphery portion and which cages to retain a wafer 
within and the force pressing down the center 
region may be the one from a compressed air only 
and thereby the pressure acting the polishing front 
face may be controlled uniform across the whole 
face. 

In case that a sectional area of the sealed 
space on the side of the wafer mounting head is 
larger than that on the side of the wafer carrier, that 
is. the area of one of the wafer face, the force 
acting from the side of the mounting head is larger 
than that, based on the pressure of the com- 
pressed air , pushing the wafer to the polishing pad 
from the wafer back side due to uniformity of the 
air pressure within the sealed space, so that the 
difference in magnitude between the forces is 
transmitted to the template by way of the short 
hollow cylinder and at the same time from the 
wafer mounting plate to the wafer. In the circum- 
stances the force applied to the template is too 
large to keep the operational conditions for polish- 
ing reasonably well and thereby the polishing pad 
is not only accelerated to degrade, but also the 
feed of a polishing slurry onto the polishing surface 
of the wafer is interfered during polishing, while the 
force transmitted to the wafer mounting plate 
brings about lack of spatial uniformity of the pres- 
sure to press the wafer to be in close contact with 
the polishing pad. 


In case that a sectional area on the side of the 
wafer mounting head is smaller than that on the 
side of the wafer carrier, such problems as those 
caused in the above conditions are brought about 
5 as well. 

However, in case that both of them are not only 
same but also the shapes of the sectional area are 
same according to the present invention, the force 
acting on the wafer consists of the only one, which 
w is the air pressure, and thereby the polishing pres- 
sure may be uniform across the polishing face. 

According to the present invention, as de- 
scribed above and made clear from the above 
explanation, the polishing pressure across the 
15 polishing face comes to be uniformly applied all 
over and thereby stock removal rates are constant 
at any point across the face, so that the front 
referenced planarization polishing may become a 
reality in practical use. 
20 The present invention includes other features 
and advantages which will be discussed or will 
become apparent from the following more detailed 
description of preferred embodiments. 

The above mentioned and other features and 
25 . objects of the present invention will become more 
apparent by reference to the following description 
taken in conjunction with the accompanying draw- 
ings, in which: 

Fig. 1 is a sectional view showing a first exam- 
30 pie embodying the principal part of an apparatus 
• according to the first aspect of the present in- 
vention; 

Rg. 2 is a plan view of the wafer mounting plate 
shown in Fig. 1; 
35 Fig. 3 is a sectional view of the wafer mounting 
plate shown in Fig. 1; 

Fig. 4 is a sectional view of a wafer before 
polishing; 

Fig. 5 is a sectional view illustrating the polish- 
40 ing mechanism working in the front-referenced 
polishing technique; 

Rg 6 is a sectional view of a wafer after polish- 
ing; 

Rg. 7 is a sectional view showing a second 
45 example embodying the principal part of an 
apparatus according to the first aspect of the 
present invention; 

Fig. 8 is a schematic plan view showing a third 
example embodying the principal part of an 
50 apparatus according to the first aspect of the 
present invention: 

Fig. 9 is a sectional view showing a fourth 
example embodying the principal part of an 
apparatus according to the first aspect of the 
55 present invention; 

Fig. 10 is a sectional view showing a fifth exam- 
ple of the principal part of an apparatus accord- 
ing to the first aspect of the present invention; 
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Fig. 11 is a sectional view of a wafer mounting 
plate used in a sixth example embodying an 
apparatus according to the first aspect of the 
present invention; 

Fig. 12 is a sectional view of a wafer mounting 5 
plate used in a seventh example embodying an 
apparatus according to the first aspect of the 
present invention; 

Rg. 13 is a sectional view of a wafer mounting 
plate used in a eighth example embobying an io 
apparatus according to the first aspect of the 
present invention; 

Fig. 14 is a sectional view of a wafer mounting 
plate used in a ninth example embodying an 
apparatus according to the first aspect of the is 
present invention. 

Fig. 15 is a sectional view of a wafer mounting 
plate used in a tenth example embodying an 
apparatus according to the first aspect of the 
present invention; 20 
Fig. 16 Is a sectional view of a wafer mounting 
plate used in an eleventh example embodying 
an apparatus according to the first aspect of the 
present invention; 

Fig. 1 7 is a sectional view showing the principal 25 
part of an example embodying an apparatus 
according to the first aspect of the present in- 
vention, in which a plurality of wafers are moun- 
ted for polishing at a time; 

Fig. 18 is a sectional view showing the principal 30 
part of an conventional apparatus for polishing 
semiconductor wafers. 

Fig. 19 is a view illustrating the polishing 
mechanism working in a conventional polishing 
technique; 35 
Fig. 20 is a schematic sectional view showing 
the principal part of another conventional ap- 
paratus for polishing semiconductor wafers; 
Fig. 21 is a schematic illustration of a preferred 
polishing condition of a wafer, where (a) illus- 40 
trates a polishing pressure distribution profile on 
the wafer and (b) is a sectional view of the wafer 
as polished; 

Fig. 22 is a schematic illustration of an un- 
desirable polishing condition of a wafer, where 45 
(a) illustrates a polishing pressure distribution 
profile on the wafer and (b) is a sectional view of 
the wafer as polished; 

Rg. 23 is a schematic illustration of another 
undesirable polishing condition of a wafer, in 50 
which (a) illustrates a polishing pressure dis- 
tribution profile on the wafer and (b) is a sec- 
tional view of the wafer as polished; 
Rg. 24 is a sectional view showing an example 
embodying the principal part of an apparatus 55 
according to a second aspect of the present 
invention; 


Fig. 25 is a plan view of a wafer mounting plate 
of the example shown in Rg. 24; 
Rg. 26 is a sectional view of the wafer mounting 
plate shown in Rg. 25; and 
Rg. 27 is a sectional view illustrating the func- 
tion of the example shown in Rg. 24. 
Referring to the embodiments shown in the 
accompanying drawings, the first aspect of the 
present invention will be illustrated in a more de- 
tailed manner. 

EXAMPLE 1 

Fig. 1 is a sectional view of the principal part of 
an apparatus for polishing a semiconductor wafer, 
where only one wafer is polished at a time, Rg. 2 
is a plan view of the wafer mounting plate ( 
hereinafter referred to as a mounting plate.) Fig. 3 
is the sectional view of the mounting plate. 

In the embodiment, the mounting plate works 
as a vacuum chuck plate having a plurality of 
vacuum chuck holes therein and as shown in Fig. 
1. The wafer holder 11. which carries and turns a 
wafer thereon, is facing the polishing pad 31 and 
adapted to be shiftable both upward and down- 
ward. The wafer mounting head 16 and mounting 
plate 19 are the principal parts of structure of an 
apparatus according to the first aspect of the 
present invention. The wafer holder 11 comprises 
the rotary shaft 14, through which the passes 12 
and 13 are formed, the wafer mounting head 16 
that is hollow and cylindrical, which is secured to 
the tower end of the rotary shaft 14, the ring 
projection 15 that is horizontally and inwardly ex- 
tending, which is secured integrally to the inner 
periphery wall of the wafer mounting head 16 and 
the wafer mounting plate 19. The rotary shaft 14 is 
adapted to be rotatable and shiftable vertically by 
an external drive. 

The passes 12 and 13 are communicated with 
a vacuum pump and a compressor (neither of them 
shown) respectively. 

The ring projection 15 of the wafer holder 16 
works as the place on which the upper flange of a 
flexible ring member 17 being constructed of a 
pan-shaped highly elastic sheet, for example a 
rubber sheet (hereinafter a flexible ring member 
will be also called a pan-shaped highly elastic 
sheet or a rubber sheet as well with the same 
reference numeral 17), is secured with screws and 
an annular mounting member 18 superimposed on 
the upper flange of the pan-shaped sheet 17. 
where the pan-shaped sheet 17 has a downward 
round opening in the centre portion, and effectively 
seals the annular securing portion on the upper 
face of the ring projection 15 with the elasticity of 
its own. The downward round opening of the sheet 
17 has the same diameter as that of a wafer to be 
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polished. 

The wafer mounting plate 19 is constructed out 
of a round thin disk made of such hard substances 
as hard plastics, hard rubber, metal and the like 
and thereby Is designed to have an flexibility. The 
wafer mounting plate 19 comprises a round water 
holding region (a portion facing a wafer mounted) 
20 in the center portion and the outside annular 
region 21, which is designed to be more flexible 
than the wafer holding region 20, which constitutes 
a moving region. The difference In flexibility be- 
tween the wafer holding region 20 and the moving 
region 21 Is realized by ,for example, making the 
thickness of the moving region 21 thinner or per- 
forating a plurality of through-holes in the outside 
annular region 21 as will be described later In more 
detail. 

The mark m in Figs, 1 and 2 Indicates the 
boundary between the wafer holding region 20 and 
the moving region 21 and the mark n indicates the 
boundary between the moving region 21 and the 
inner periphery of the lower end of the mounting 
head 16, where the mounting plate 19 Is also 
secured onto the lower end. 

The holding region 20 of the mounting plate 19 
has a plurality of vacuum chuck holes 22 
(hereinafter referred to as a chuck hole) perforated 
through as shown in Fig 2. On the occasion, the 
chuck holes 22 consist of one in the center portion 
of the holding plate and the others arranged on a 
plurality of concentric circles around the center. As 
shown in Fig 3, the thin, narrow soft rubber codes 

24 (or soft plastic codes) with a long groove 23 on 
one of the four sides are adhered onto the upper- 
side surface of the mounting plate 19, which Is the 
surface opposite to the surface where a wafer is 
mounted and thereby, seal all the chuck holes 22 
including a vacuum hole 22c In the center portion 
to get each of the chuck holes 22 to hermetically 
communicate with all the other holes 22. 

The hollow connector 25 (see Flg.1 and 3) is 
mounted as a vacuum port at the chuck hole 22c in 
the center portion. Again another hollow connector 
26 as a vacuum port Is mounted at the opening 
end of the pass 12 formed through the rotary shaft 
14 and the flexible hose 27 constructed out of a 
rubber hose Is arranged between the connecters 

25 and 26 for a hermetic communication. 

The outer periphery of the holding plate 19 Is 
secured with screws along the lower end of the 
wafer mounting head 16. The wafer holding region 
20 of the holding plate 19 is adhered along the full 
outer periphery to the annular lower end of the 
rubber sheet 17 to generate a sealed space 29 
within the wafer holder 1 1 . 

The structure as shown in Fig. 1 of the wafer 
holder 11 may be preferably divided into the two 
portion of the upper and the lower halves in order 


to be easy to overhaul or assemble. For example, 
the structure is designed so as to be dismantled 
into the two portions being in a fitting relation at a 
horizontal Intersecting plane on the alternate long 

5 and short dash line L-L in Fig.1 and to be set up 
with suitable fixturing means such as bolts and nuts 
in assembly. 

In this case, an easy and quick assembly may 
be realized in the steps of securing the mounting 

10 plate 19 onto the lower half of the wafer mounting 
head 16. connecting the flexible hose 27 with the 
vacuum ports 25 and 26, finally combining and 
fixturing the two halves into one. 

The mounting plate 19 comprises the wafer 

75 holding region 20 and the moving region 21 which 
is higher in flexibility than the wafer holding region- 
(the examples will be explained later.) and the full 
periphery of the holding region 20 is secured on 
the rubber sheet 17 and besides the periphery of 

20 the mounting plate 19 Is secured to fix on the lower 
end of the wafer mounting head 16. Errors In the 
machine assembly, poor dimensional accuracy in 
fabrication of the components, or thermal or me- 
chanical deformation accumulated with time 

25 elapsed In operation, which are amounting to an 
order of magnitude of urns to tens of M-ms In the 
worst case is absorbed in the structure just illus- 
trated above of the present invention and thereby 
the structure may properly execute the front re- 

30 ferenced polishing, where in addition to the above 
advantages the wafer under polishing may keep a 
steady position against the friction of polishing 
thanks to the special structure of the present inven- 
tion. 

35 Instead of the rubber sheet 17 as a pan-shaped 

sheet, a plastic sheet In the shape of bellows may 
be used. Substance and a structure of the pan- 
shaped sheet have a limitation on the nature that 
the sheet may be freely shrinkable or extendible in 

40 accordance with the fluid pressure Inside the wafer 
holder 1 1 . 

Substances for constructing the mounting plate 
19 are required to have such properties as a me- 
chanical strength, flexibility, elasticity and heat re- 

45 sistance In suitable respective levels. The prefer- 
able among plastics are, for example, thermoset- 
ting resin, heat resistant thermoplastic resin, re- 
inforced resins thereof mixed with glass fiber or 
plastic fiber, or laminated sheet thereof reinforced 

50 with fibres or paper. 

A thin plate made or constructed out of hard 
rubber or thin metallic sheet with anticorrosiveness 
may be used as substitute for plastic plate. 

The polishing pad 32 mounted on the polishing 

55 turntable 31 should not be subject to plastic de- 
formation and may preferably be selected from a 
group comprising polishing pads constructed out of 
close cell type of polyurethane foam, polyurethane 


8 


15 


EP 0 653 270 A1 


16 


impregnated polyester non woven fabric and the 
like, which are well known in the prior art. 

Next will the operation of the above mentioned 
polishing apparatus be Illustrated with reference to 
Figs. 1 through 6. The vacuum pump Is actuated to 
breathe out the atmosphere in the holes In the 
mounting plate 19 and gap between the mounting 
plate 19 and the wafer W through the pass 12, 
whereby the wafer, as shown in section in Fig. 4 
(where for better understanding the global surface 
undulation and minute step projections are shown 
in exaggeration.), is vacuum chucked on the 
mounting plate 19. On this occasion, it is important 
to have the periphery of the wafer to coincide with 
the periphery of the wafer holding region 20 of the 
mounting plate 19. 

Further, the compressor gets started to feed a 
compressed air controlled at a given pressure to 
the sealed space 29 and thereby the mounting 
plate 19 and the rubber sheet 17 are displaced in a 
mutual positional relation kept unchanged with 
each other to force the wafer to be pressed onto 
the polishing pad 32 and in due course to get the 
wafer being polished under the well known mecha- 
nism. 

On this occasion, the rubber codes 24 are 
used to have the vacuum holes 22 in the plate 19 
to be communicated with each other, so that the 
loss in flexibility is not brought about to the wafer 
holding region 20 of the mounting plate 19 and in 
addition to that, the flexible hose 27 is adopted as 
a member to communicate the mounting plate 19 
with the pass 1 2 for evacuation and as a result the 
mounting plate 1 9 is free to displace the position in 
accordance with the pressure of the compressed 
air fed by way of the pass 13. 

What's more, the wafer mounting plate 19 is 
secured the lower end of the wafer mounting head 
16, whereby the wafer may keep a constant posi- 
tion against the frictiona! force acting to the polish- 
ing surface of the wafer. 

According to the above contrivances, the oxide 
film 63 covering the wafer front face is, as shown in 
Fig. 5, kept in a stable close contact with the 
polishing pad 32 alt over the surface and In due 
course is polished in such a manner that the 
mounting plate 19 Is kept under unifomnity of 
polishing pressure across all the upperface and 
that in a condition in which the region thus under 
the influence of the polishing pressure is strictly 
confined within the back face space of the wafer W 
and in addition the mounting plate 19 is deformed 
to copy the wafer back surface in the surface 
morphology adapted in detail thereto. On the front 
face of the wafer W after polishing, as described 
above, a minute step projections on the oxide film 
64, as shown in Fig 4, which correspond to inter- 
connections 62 deposited on the preceding sur- 


face, with the one to one basis, is selectively 
polished faster with less stock removal on the other 
area and that without periphery slopings due to 
more local removal rates or high spots generated 

5 due to less local removal rates around the wafer 
periphery region, whereby the thickness of the 
oxide 63 remains flat and parallel to the preceding 
surface during the polishing according to the above 
embodiment of the present Invention. 

70 Another embodiment of the first aspect of the 
present invention will be explained with reference 
to the example below described . The apparatus 
for polishing have a wafer mounting plate 19, which 
is spatially divided into a moving region 21 higher 

75 in flexibility than a wafer holding region 20 and the 
wafer holding region 20. 

EXAMPLE 2 

20 In the example, the mounting plate 19 is con- 

structed out of the same and one substance and as 
shown in Fig. 7, the moving region 21 smaller in 
thickness than the holding region 20. 

The preferred range of the thickness of the 

25 mounting plate 19 is affected by the polishing 
pressure of a wafer, the elasticity of the substance 
constructing the mounting plate. However, in or- 
dinary polishing conditions, as for a hard plastic 
thin plate, the thickness may be preferably se- 

30 lected in the range of 0.5 mm - 5.0 mm for the 
holding region 20 and in the range of 0.3 mm * 3.0 
mm for the moving region 21 , as for a hard rubber 
thin plate, in the range of 1.0 mm - 8.0 mm for the 
holding region 20 and in the range of 0.5 mm - 4.0 

35 mm for the moving region 21, and as for a metal 
thin plate, in the range of 0.1 mm - 1 .0 mm for the 
holding region 20 and in the range of 0.01 mm - 
0.05 mm for the moving region 21 . 

As compared to a second aspect of the 

40 present invention which will be later explained fol- 
lowing the first aspect, an apparatus according to 
the first aspect in general adopts a thicker plate 
with respect to both the wafer holding region 20 
and moving region 21 , since the first aspect lacks 

46 in the rigid short hollow cylinder of the second 
aspect surrounding the mounting plate 19 and be- 
ing kept strictly in a body therewith when moving. 


60 


EXAMPLES 3 and 4 


In the example 3 of the embodiment, the wafer 
mounting plate 19 is constructed as shown in Rg. 
8 out of the same and one substance and a thin 
plate having a uniform thickness across it and 
56 includes a moving region 21 with a plurally of 
through-holes 28 in the shape of eclipse, circle or 
segment, where instead of through-holes 28 a plu- 
rally of recesses in the same shapes may be 
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adopted with the thin recess bottom thereof, and 
that with a plurally of the recesses dispersed al- 
most all over the moving region 21, eventually 
making the average thickness of the region to be 
thinner. 

In the example 4 of the embodiment, the 
mounting plate 19 is constructed as shown in Fig,9 
out of a two different substances, one of which is of 
hard plastic for the holding region 20 and the other 
of which is of rubber sheet mixed with plastic 
fibers, plastic fabrics or knitted sheet for the mov- 
ing region 21. The two regions are connected with 
each other along the full peripheries. 

EXAMPLE 5 

In the example 5, the wafer mounting plate 19 
is secured on the wafer mounting head 16 with a 
annular soft rubber sheet 42 interposed there- 
between as shown in Fig.10. Examples of vacuum- 
related structures of the wafer mounting plate 19 
are illustrated in the following description. 

EXAMPLE 6 

In the example, a plurality of vacuum chuck 
holes 22 are arranged on the side mounting a 
wafer of the wafer mounting plate 19. The chuck 
holes have a depth reaching the mid point of the 
thickness and are arranged to locate with one at 
the centre and the others on concentric circles 
around the centre. 

Spiral groove 43 half way In depth is formed in 
the upperside surface of the mounting piate 19 to 
communicate with vacuum chuck holes 22. The 
spiral groove 43 Is sealed with a spirally arranged 
code member 44, which is made of soft rubber or 
soft plastics. A vacuum port 25 is disposed at the 
centre portion, where the centre of the spiral 
groove 43 is also located. The vacuum port 25 Is 
connected the flexible hose. 

EXAMPLE 7 

In the example as shown In Fig. 12 vacuum 
chuck holes 22 of the mounting plate 19 are 
formed as through-holes In the bulk and covered 
with plastic sponge 45 (or aggregate of elastic 
fibers) on the upperside of the mounting plate 19. 
The sponge 45 is again covered with a soft rubber 
cover 46 at the center portion of which a through- 
hole 47 is opened. The through-hole 47 is commu- 
nicated with a vacuum source by way of a vacuum 
port 25 and thereafter a flexible hose 27 disposed 
in that order. 


EXAMPLE 8 

In the example as shown in Fig. 13, the vacuum 
chuck holes 22 are formed as a through hole in the 

5 bulk of the mounting plate 19. A soft rubber made 
plate member 49, in which a spiral bottomless 
groove 48 Is formed, Is superimposed on the up- 
perside of the mounting plate 19 in such a manner 
that the vacuum holes are all communicated with 

70 the spiral bottomless groove 48. Further a soft 
rubber cover 51, which have a through-hoie 50 in 
the central portion, Is placed on the plate member 
49 to cover. On the occasion, the through-hole 50 
Is adjusted laterally to communicate with a part of 

75 the spiral bottomless groove 48 and furthermore is 
communicated with a vacuum source by way of a 
vacuum port 25 and a flexible hose 27. 

EXAMPLE 9 

20 

In the example, as shown in Fig. 14, a wafer 
mounting plate 19 has a spiral groove 43 on the 
front side and a through-hole 52 In the center 
portion. The spiral groove 43 and the through-hole 
25 52 are communicatable with each other. The 
through-hole 52 is further communicated with a 
vacuum source by way of a vacuum port 25 and a 
flexible hose 27. 

30 EXAMPLE 10 

In the example, as shown in Fig. 15, a wafer 
mounting plate 19 has a plurality of through-holes 
22 formed therein, A soft rubber made cover 53 

35 has a spiral groove 43 on the lower side and a 
through-hole 52 at the centre of the spiral groove 
43, where the groove and the through-hole 52 are 
communicated with each other. And the cover 53 is 
superimposed with lateral adjustment on the upper- 

40 side of the mounting plate 19 to communicate with 
the spiral groove 43 and in addition to that, the 
through-hole 52 is made to communicate with a 
vacuum source by way of a vacuum port 25 and a 
flexible hose an'anged in that order. 

45 

EXAMPLE 11 

In the example, as shown in Fig. 16, vacuum 
holes 22 are formed as a through-hole in the 

50 mounting plate 19, further is communicated with a 
manifold 54 made of soft rubber or soft resin, 
where a manifold also communicated with a vacu- 
um source by way of a flexible hose (not shown). 
The above mentioned examples are all a single 

55 wafer type polishing apparatus, which is designed 
to polish a wafer at a time. However, according to 
one of the other preferred embodiments of the first 
aspect of the present invention, which Is shown in 
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Fig. 17, comprises a plurality of annular mounting 
members 18 and pan-shaped rubber sheets 17 
secured to a wafer mounting head 16 and a plural- 
ity of wafer mounting plates 19 are also connected 
with the lower end of the wafer mounting head 16» 
which is equipped with a plurality of downward 
openings. With this type of a polishing apparatus, 
the mounting plates 19 holds a plurality of wafers, 
each on each, to polish during the same and one 
operation, where a larger sealed space 29 is 
formed for common use within the wafer mounting 
head 16. 

In the above mentioned apparatus, all the 
mounting plates 19 are of a type of vacuum chuck- 
ing but another type of mounting may be allowed 
to be in use for a method of polishing semiconduc- 
tor wafers and apparatus therefor still within the 
spirit and scope of the present invention, in which 
the backside of a wafer is pressed to attach to a 
wetted resilient film having a microscopic open 
pore structure in the surface (hereafter referred to 
as backing pad fixturing). In the backing pad fix- 
turing, the attractive force between the film and 
wafer is too weak to resist shear forces during 
polishing and therefore the wafer edge have to 
caged by a retaining ring or a template secured on 
the lower face periphery of the wafer mounting 
plate 19. 

The second aspect of the present invention will 
be now illustrated referring to the drawings accom- 
panying to the specification. 

EXAMPLE 12 

Fig. 24 is a sectional view showing an example 
embodying the principal part of a polishing appara- 
tus according to the second aspect of the present 
invention. Fig. 25 is a plan view of a wafer mount- 
ing plate 102 of the example. Fig. 26 is a sectional 
view of the wafer mounting plate 102 shown In Fig. 
25. 

As shown in Fig. 24, a wafer holder 111, in 
which a wafer is held to rotate with which, is 
disposed above a polishing turn table 31 and is 
shiftable either upward or downward. 

The wafer holder 111 comprises a rotary shaft . 
14 in which passes 12 and 13 are formed, a wafer 
mounting head 106, which is fixedly secured to the 
lower end of the rotary shaft 14, a cylindrical hollow 
body open downward 106a and an annular down- 
ward projection 106b around the center of the 
ceiling of the inner space, which are both con- 
stituted integrally as parts of the wafer mounting 
head 106, and a wafer carrier 104 including a wafer 
mounting plate 102. The wafer carrier 104. which 
structure is detailed below, is secured to the wafer 
mounting head 106. 


In a more particular explanation here, the wafer 
carrier 104 is composed of the wafer mounting 
plate 102 (hereinafter referred to as a mounting 
plate.) and an annular template 103 secured on the 

5 lower face of the mounting plate 102. A short 
hollow cylinder 101, which is a component of the 
wafer carrier 104, is connected to the annular 
downward projection 106b on the inner periphery 
wall at least for sealing to eventually form a sealing 

10 space 107. The short hollow cylinder 101 is, on the 
other hand, connected to near the lower end of the 
cylindrical hollow body 106a by means of a Inter- 
posing flexible support 108, which may be con- 
structed out of, a plurality of high flexibility metal 

/5 thin wires arrayed in all the radial directions from 
and around the short hollow cylinder 101 and com- 
bined into the form of an annular sheet, or as 
alternates an annular rubber, plastic, metallic or the 
like thin plate. In that way, the wafer carrier 104 is 

20 three-dimensionally .free to shift a position due to 
the special structure of being suspended in the air 
inside the wafer mounting head 106. 

The pass 12 is communicated with a vacuum 
pump(not shown) by way of a pipe and valve (both 

25 not shown) and as shown in Figs. 25 and 26, 
vacuum chuck hole 22 (hereinafter referred to a 
chuck hole) in the mounting plate 102 are commu- 
nicated with the fluid pass 12 by a vacuum port 25 
disposed in the center portion of the mounting 

30 plate 102, a flexible hose 27 and a vacuum port 26 
disposed in the center portion of the ceiling of the 
sealed space 1 07. 

The pass 12 is connected to a compressor (not 
shown ) by way of a pipe and a valve (both not 

35 shown) and further makes it possible to feed a 
compressed air into the sealed space 107. 

A plurality of chuck holes 22 as a through-hole 
formed in the mounting plate 102 are consisting of 
one in the central portion of the mounting plate 102 

40 and the others on and along concentric circles 
about the one in the central portion. 

Soft rubber cords 24 (or soft rubber belts, 
which are small in both width and thickness, which 
have a long groove longitudinally on one of the 

45 sides, are adhered on the upperside of the mount- 
ing plate 102, that is, on the face opposite to the 
face on which a wafer is chucked, not only to seal 
all the chucked holes but also to make the chuck 
hole 22c in the central portion to communicate with 

50 all the other holes 22. The vacuum port 25 is 
disposed at the chuck hole 22c in the central 
portion of the mounting plate 102. 

On the other hand, as shown in Fig, 24, the 
vacuum port 26 is disposed at the open end of the 

55 pass 12. The flexible hose 27 such as a rubber 
hose and the like is connected between the vacu- 
um ports 25 and 26. 
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The mounting plate 102 is all constructed out 
of a hard plastic plate, a hard rubber plate, a 
metallic plate or the like with a proper flexibility as 
a physical property. Different flexibilities may be 
preferably adopted for the respective two regions 
consisting of a less flexible wafer holding region 
102a. on which the backside face of a wafer kept In 
contact, and a more flexible moving region 102b, 
which is annular in shape and which is the portion 
other than the wafer holding region (as shown in 
Figs. 24 - 26). The two regions are both under the 
influence of a compressed air at the same time. 
The mark m in Rgs. 24 - 26 designates a bound- 
ary on which the mounting plate 102 is divided into 
the wafer holding region 102a and the moving 
region 102b and the mark n indicates a boundary 
between the moving region 102b and a fixture 
portion in the short hollow cylinder 101. 

The poorer uniformity is invited to the strength 
distribution profile of the force applied over the 
wafer with an increase in the width of the moving 
region 102b and therefore the better performance 
with the above structure is resulted in, the narrower 
in the width and/or the higher in the flexibility the 
moving region 102b is. 

As for the hard plastic thin plate constructing 
the mounting plate 102, selected is thermosetting 
plastics or heat resistant thermoplastic resin with a 
moduli of elasticity either for tensile stress or for 
bending stress of both more than 5000 kf/cm^ and 
a thickness in the range of 0.1 mm - 1.0 mm. 

As for the hard rubber thin plate, selected is 
the one having a thickness in the range of 0.1 mm 
- 8 mm and being made of ebonite or the like 
substances with a hardness equal to that of 
ebonite. 

As for the metallic thin plate, stainless steel is 
selected as a substance and the thickness between 
0,05 mm and 0.20 mm. 

The moving region 102b may be preferably 
designed to keep as narrow in the width as possi- 
ble. The thicker wafer holding region 102a, for 
example, may be chosen to increase a relative 
flexibility of the moving region 102b over that of the 
wafer holding region 102a. It is very easy to adjust 
the flexibility differential between the regions by 
use of the effect from thickness differential. 

The expansion pipe 105 is constructed out of, 
for example, a soft rubber sheet or the one re- 
inforced by plastic fibres. The highly flexible sup- 
port 108 may be constructed out of radially ar- 
ranged thin metallic wires or a thin plate of rubber, 
plastic or metal. The sealed space 107 preferably 
coincides with a wafer mounted in cross sectional 
shape and dimensions both on the side of the 
wafer carrier 104 and on the side of the wafer 
mounting head 106. 


Next to be described is the polishing action 
and effects of the above mentioned polishing ap- 
paratus by referring to Figs. 24 - 27 and Figs. 4 - 
6. 

5 A wafer W shown in section in Fig. 4 is vacu- 

um chucked on the wafer mounting plate 1 02 by a 
vacuum pump actuated. In case that the entire 
mounting plate 102 is constructed out of hard plas- 
tics and the like in a uniform thickness, a wafer W 

70 may be chucked on the lower surface of the 
mounting plate 102 leaving a proper gap between 
the wafer and the inner periphery of the template 
103. On that occasion, the chucking position is not 
specialized on the mounting plate, but if the mount- 

75 ing plate 102 is constructed out of the two of the 
holding region 102a and more flexible moving re- 
gion 102b. the periphery of the wafer W have to be 
positioned so as to be precisely coincided with the 
periphery of the holding region 102a. 

20 Compressed air controlled at a pressure is 

supplied into the sealed space 107 to press the 
upperside of the mounting plate 1 02 and further to 
shift the wafer carrier 104 presses the wafer W 
onto a polishing pad 32 on a polishing turn table 

25 31. so that thereafter on the wafer is polished 
under the same conditions as applied in the prior 
art. 

In the apparatus, the wafer carrier 104 is sus- 
pended from the wafer mounting head 106 by the 

30 expandable and highly flexible members 105 and 
108. the rubber cords 24 are used to have the 
chuck holes 22 of the mounting plate 102 to com- 
municate with each other, such that any loss in the 
flexibility of the mounting plate 102 is not material- 

35 ized. 

The load applied on the wafer carrier 104 is 
designed to be received by the template 103 ar- 
ranged on a part of the lower end face of the 
mounting plate 102. The wafer holding region 102a 

40 is made flexible, and the flexible hose 27 is 
equipped to communicate the vacuum chuck holes 
22 with the vacuum pass 12, So that the wafer 
mounting table 102 is, as shown in Fig. 27, freely 
displaced in accordance with the pressure of the 

4S compressed air as well as is deform able in confor- 
mity with the surface contour of the wafer W back- 
side, the entire oxide film 63 on the front face of 
the wafer is, as shown in Fig. 5, put in close 
contact with the surface of the polishing pad 32 

50 and the polishing pressure distribution profile D 
across all the backside face of the wafer comes to 
be uniform. 

Under such conditions of the apparatus, such 
projections as minute steps or high spots of the 
55 oxide film 64 are selectively polished off without 
producing sloping at the periphery due to local 
excess polishing or projections at or around the 
periphery due to. to the contrary, local poor polish- 
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ing and thereby the oxide film 63 is polished off 
under conditions where removal rates are globally 
uniform all over the surface. The polished wafer W 
,as shown in Fig. 6, may be obtained with the oxide 
film 63 of uniform thickness across the surface. 

In case that the wafer mounting plate 102 is 
constructed out of the wafer holding region 102a 
lower and the moving region 102b higher in the 
flexibility and besides the periphery of the wafer W 
is positioned to coincide with the periphery of the 
wafer holding region 102a, so that the pressure in 
the vicinity of the wafer periphery may be control 
at the same strength as the rest portion with more 
ease than a case when all the mounting plate 102 
is constructed out of a homogeneous flexible hard 
plastic and the like. Consequently the overall thick- 
ness of the oxide film 63 may be easier to obtain 
uniform as well as the flatness may be achieved of 
close tolerances across the wafer surface required 
for better performance of optical lithography in the 
making of a semiconductor electronics device. 

As for a wafer mounting plate 102, as is the 
same for the first aspect of the present invention, a 
wafer mounting plate 102 may be replaced by 
another wafer mounting plate on which the backing 
pad fixture is adopted as explained in the first 
aspect of the present invention. 

As apparently understood in the above men- 
tioned description, a method of polishing semicon- 
ductor wafers and apparatus therefor according to 
the first aspect of the present invention is featuring 
that in the apparatus, a pressure applying region is 
spatially restricted within the front polishing face of 
a wafer mounted, and a wafer holding region is 
flexible and constructed out of a hard plastic plate, 
so that the polishing pressure is applied in uniform 
distribution profile all over the wafer and restricted 
not to give any influence thereof outside of the 
backside face of the wafer and thereby the wafer is 
polished with the wafer mounting plate flexibly de- 
formed in conformity with the global surface con- 
tour of the backside of the wafer. Consequently in 
accordance with the first aspect of the present 
invention, the so-called planarization to be applied 
in the fabrication process of a semiconductor de- 
vice is effectively realized in practical sense and 
thereby an oxide film or an interlevel dielectric film 
having both a uniform thickness and a flatness to 
close tolerances across a wafer or substrate may 
be obtained without any minute high spot left un- 
polished off. The planarization technique thus 
achieved may make the processing yield in mul- 
tilevel interconnections of VLSI technology im- 
proved as well as the reliability of a semiconductor 
device product higher. 

Furthermore, in accordance with the second 
aspect of the present invention, the wafer mounting 
plate is supported indirectly by the flexible support 


with the short hollow cylinder lying therebetween, 
which interfere with transmission of the stress 
caused by deformation in the flexible support to the 
wafer mounting plate, is free to be displaced three- 

5 dimensionally in a body with the other parts of the 
wafer carrier and besides is flexibly deformed to 
conform with the global surface contour of the 
backside of the wafer mounted under uniform 
strength distribution profile of polishing pressure 

70 across the entire wafer during a polishing opera- 
tion, so that a polished wafer may be produced 
without slopings due to over polishing or high spots 
due to underpolishing along or in the vicinity of the 
periphery and thereby according to the second 

75 aspect, a front referenced polishing of a higher 
performance may be guaranteed to achieve. 

While the present invention has been particu- 
larly shown and described with reference to pre- 
ferred embodiments thereof, it will be understood 

20 by those skilled in the art that the foregoing and 
other changes in form and detail can be made 
therein without departing from the scope of the 
present invention. 

25 Claims 

1. A method of polishing semiconductor wafers, 
wherein a wafer (W) is held on the lower side 
of a wafer mounting plate (19) with the back- 

30 side of the wafer being in contact therewith 

and a compressed fluid is supplied on the side 
of the upperside of the wafer mounting plate, 
characterised in that a pressure applied region 
during polishing is restricted within a wafer 

35 holding region (20) thereof facing the backside 

of the mounted wafer. 

2. A method of polishing semiconductor wafers, 
wherein a semiconductor wafer (W) is held on 

40 the lower side of a wafer mounting plate (19) 

with the backside of the wafer being in contact 
therewith and a compressed fluid is supplied 
on the side of the backside of the mounting 
plate, characterised in that the mounting plate 

45 (19) is a flexible plate a wafer holding region 

(20) of which is constructed of a hard thin plate 
and the periphery of the water geonietrically 
coincides with the periphery of the wafer hold- 
ing region (20) of the wafer mounting plate 

50 facing the backside of the mounted wafer. 

3. Apparatus for polishing semiconductor wafers, 
wherein a semiconductor wafer (W) is held on 
the lower side of a wafer mounting plate (19) 

55 with the backside of the wafer being in contact 

therewith and a compressed fluid is supplied 
on the side of the backside of the mounting 
plate, characterised in that the wafer mounting 
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plate (19) is a flexible plate, the region thereof 
which is facing the backside of the mounted 
wafer is made of a hard substance, the mount- 
ing plate is displaceably disposed at the open- 
ing of a wafer holder (11) and is connected to 
a wafer mounting head (16) to seal the opening 
with a flexible ring member (17) interposed 
therebetween and the inner space (29) is com- 
municated with a compressed fluid supply 
source. 

4. Apparatus as claimed in claim 3, characterised 
in that the central portion of the wafer mount- 
ing plate (19) is a wafer holding region (20), 
the inner periphery of the flexible ring member 
(17) geometrically coincides with and is fixed 
to and along the periphery of the wafer holding 
region, the wafer holding region is lower in 
flexibility than the outside region, which func- 
tions as a moving region (21), and the periph- 
ery of the wafer mounting plate Is secured to 
the wafer holder (11). 

5. Apparatus as claimed in claim 4, characterised 
in that the entire wafer mounting plate (19) is 
made of the same and one substance, the 
moving region (21) is made to be smaller in 
thickness than the wafer holding region (20) or 
a plurality of recesses with a thin bottom are 
arranged to be disposed in the moving region 
(21) having the same thickness as that of the 
wafer holding region (20). 

6. Apparatus as claimed in' claim 4, characterised 
in that the entire wafer mounting plate (19) is 
made of the same and one substance and 
uniform in thickness across and the moving 
region (21) is perforated to have a plurality of 
through-holes (28). 

7. Apparatus as claimed in claim 4, characterised 
in that the periphery of the wafer mounting 
plate (19) is fixed to the wafer mounting head 
(16) with a soft rubber region as said outside 
region (21) In and along the periphery portion 
thereof. 

8. Apparatus as claimed in any of claims 3 to 7, 
characterised In that the wafer mounting plate 
(19) is arranged to work as a vacuum chuck 
plate perforated to have a plurality of vacuum 
chuck holes (22) in one of the faces and the 
vacuum chuck holes are communicated with a 
vacuum source by way of a flexible hose (27). 

9. Apparatus as claimed in claim 8, characterised 
in that the vacuum chuck holes (22) are 
formed as through-holes with at least one (22c) 


in the central portion of the wafer mounting 
plate (19) and with many others around the 
one through-hole (22c) in the central portion 
across the surface, soft rubber cords (24) or 

5 soft plastic cords are secured on the upper 

side of the wafer mounting plate with one side 
of the square cord thereon in which a long 
groove (23) is fomned facing the mounting 
plate (1 9) such that all the vacuum chuck holes 

10 (22) communicate with each other and the 

vacuum chuck hole (22c) located in the central 
portion is communicated with the vacuum 
source by way of the flexible hose (27). 

75 10. Apparatus as claimed In claim 8, characterised 
in that the vacuum chuck holes (22) are 
formed as through-holes and covered with 
plastic sponge (45) or an aggregate of elastic 
fibres across a portion of the upper side of the 

20 wafer mounting plate (19) where the vacuum 

holes are arrayed, the sponge or aggregate is 
covered with a cover (46) made of soft rubber 
and a through-hole (47) arranged in the central 
portion of the cover (46) Is communicated with 

25 the vacuum source by way of the flexible hose 

(27). 

11. Apparatus as claimed in claim 8, characterised 
in that the vacuum chuck holes (22) are 

30 formed as through-holes, a soft rubber plate 

(49) in a lower side of which a spiral bot- 
tomless groove (48) is formed Is superimposed 
on the upperside of the mounting plate (19) 
with the groove (48) facing the mounting plate 

35 such that the vacuum chuck holes (22) com- 

municate with the bottomless groove (48), a 
soft rubber cover (51) is superimposed on the 
soft rubber plate (49) and a through-hole there- 
of communicates with the bottomless groove 

40 (48). and thereby the through-holes (22) of the 

mounting plate (19) are connected to the vacu- 
um source by way of the flexible hose (27). 

12. Apparatus as claimed In any of claims 8 to 11. 
45 characterised in that a plurality of wafer hold- 
ing regions are formed on the wafer mounting 
plate (19) and individually secured to the wafer 
mounting head (16) by way of flexible ring 
members (17). 

50 

13. Apparatus for polishing semiconductor wafers, 
wherein a semiconductor wafer (W) is held on 
a wafer mounting plate (102) with the backside 
of the wafer being in contact therewith and a 

55 compressed fluid is supplied on the side of the 

upperside of the mounting plate, characterised 
in that a wafer mounting head (106) has a 
cylindrical hollow body (106a) open downward 

14 
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and an annular downward projection (106b), 
the wafer mounting plate (102) is concentrically 
positioned with the lower end of a short hollow 
cylinder (101). a template (103) is arranged on 
the lower face of the wafer mounting plate to 5 
surround a wafer received therein, the annular 
downward projection (106b) is connected to 
the short hollow cylinder (101) by way of an 
expansion pipe (105) to form a sealed space 
(107), the short hollow cylinder (101) is also io 
connected to the inner wall of the cylindrical 
hollow body (106a) by way of an interposing 
flexible support (108). and the sealed space 
(107) is communicated with a compressed fluid 
source. is 

14. Apparatus as claimed in claim 13, characteris- 
ed in that the wafer mounting plate (102) is 
constructed of a flexible hard thin plate, the 
mounting plate is adjusted in terms of sub- 20 
stance or structure to be lower in flexibility in a 
wafer holding region (102a) thereof facing the 
backside of a wafer (W) mounted thereon than 

in the annular region thereof outside the wafer 
holding region, whereby the annular region 25 
functions as a moving region (102b). 

15. Apparatus as claimed in claim 13 or 14. 
characterised in that the shape and dimensions 

in cross-section of the sealed space (107) gen- 30 
erally coincide with those of the wafer (W) both 
on the side of the wafer mounting plate (102) 
and on the side of the side of the wafer mount- 
ing head (106). 
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